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CREATING CONDITIONAL KNOCKOUT MICE FOR OA RESEARCH
P.J. Roughley. Shriners Hosp., Montreal, QC, Canada
Purpose: Traditional means for creating OA in animal models has
involved the use of surgery to destabilize the joint or the creation of
joint inﬂammation, both of which result in subsequent cartilage
degeneration. However, while these methods allow the progression of
cartilage degeneration to be studied, they do not permit the necessity of
individual molecules to be established. The use of knockout mice can
potentially solve this problem. However, global knockouts are often not
useful as they may have lethal consequences during development due
to the involvement of multiple organs. This led to the development of
conditional knockout mice, in which gene deletion is conﬁned to
cartilage. Even cartilage-speciﬁc knockout can be problematic, when
the gene of interest affects chondrogenesis or growth, but this can be
overcome by the use of inducible conditional knockout mice. This
workshop will describe how such mice can be generated.
Methods: Gene knockout is based on the ability to excise genomic
regions that are essential for protein expression or function, and the
Cre/LoxP system is most commonly used for this purpose. This involves
the creation of a Floxed mouse line by the insertion of LoxP sites around
the gene region of interest, and the subsequent breeding with a mouse
line expressing Cre recombinase to excise at the LoxP sites and then
recombine the excised gene. Cartilage-speciﬁcity is achieved having Cre
expression under control of a cartilage speciﬁc gene promoter, such as
that for type II collagen (Col2a1). For additional temporal selectivity, Cre
expression is also placed under control of either doxycycline or
tamoxifen administration. With this system, knockout can be achieved
at any time throughout life, as long as the promoter driving Cre
expression remains active.
Results: Cartilage-speciﬁc knockout was initially achieved using the
Col2a1 promoter to drive Cre expression, which allows gene knockout
in both the articular cartilages of all diathrodial joints and the inter-
vertebral discs of the spine. Twomodiﬁcations to this system have been
developed to facilitate inducible Cre expression. In the ﬁrst, Cre is
expressed as a fusion protein in conjunctionwith the estrogen receptor,
and is only translocated to the nucleus upon tamoxifen administration.
In the second, Cre expression is placed under control of rtTA expression
which in turn is driven by the Col2a1 promoter, with rtTA function
being dependent upon doxycycline administration. Use of the Col2a1
promoter is, however, limited to early adult life as the expression of this
promoter declines with age. This limitation has been overcome in two
systems by use of the aggrecan promoter or enhancer. In one system,
the Cre/estrogen receptor cassette has been place within the 30-UTR of
the endogenous aggrecan gene, and in the other, the aggrecan enhancer
has been used to ensure prolonged activity of the Col2a1 promoter.
Conclusions: Conditional knockout mice provide a means of studying
the participation of individual molecules in the progression of cartilage
degeneration, and when coupled with temporal selectivity this can be
performed at any stage of the disease process. The knockoutmice can be
used directly or in combination with traditional surgical or biochemical
intervention to induce the OA process.
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IMPACT OF INJURY ON JOINT STRUCTURE
R.B. Frobell. Orthopedics, Clinical Sci., Lund Univ., Lund, Sweden
Purpose: Knee trauma is a well-recognized and established risk factor
for OA development in the longer term. The purpose of this presenta-
tion is to give an overview of trauma related structural injuries and
change possibly involved the early OA disease process.
Methods: Using MR imaging techniques and biochemical analysis in
longitudinal trials starting in the acute phase after injury, we have
monitored the structural and biochemical response of injury with the
aim of identifying early changes possibly related to subsequent devel-
opment of OA.
Results: This presentation will give an overview of the current publi-
cations of the structural and biochemical response to knee trauma and
present possible early signs of change that may be related to subsequent
development of OA.
Conclusions: Early changes of bone shape and cartilage thickness occur
after ACL injury although the relation to later OA development remains
to be determined. There also seems to be evidence in support of
a biochemical alterations in the early phase of injury however, fewstudies are longitudinal and even fewer have correlated biochemical
and structural change in this very early phase of OA.
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EMERGING PARADIGM: ROLES OF INFLAMMATION IN OA
R. Terkeltaub y,z. yUniv. of California, San Diego, CA, USA; zVAMC, San
Diego, CA, USA
This introductory talk and the session abstracts emphasize that OA
represents a prime example of the “double-edged” sword of innate
inﬂammation in tissue damage versus repair. Varying degrees of
synovitis and joint effusion in OA contribute to clinical signs and
symptoms of inﬂammation, and effects of innate immunity likely
embrace dialogue between synovium, cartilage, subchondral bone, and
other joint tissues. Many “conventional cytokines” (such as IL-1b, TNFa,
IL-6, IL-8, IL-17) and the large network of receptors and danger signals
that functions in primordial innate immunity, exert inﬂammatory and
pro-catabolic effects that can promote OA progression via low-grade
innate articular inﬂammation and by synovitis. Examples include
pathogen-associated molecular patterns (PAMPS)), which modulate
multiple forms of tissue injury and repair in response to endogenous
danger-associated molecular patterns (DAMPs). Receptors including
TLRs and RAGE (and their ligands, such as tenascin-C, S100A8/9,
S100A11, HMGB1, low molecular weight hyaluronan), and complement
proteins, are identiﬁed players, to date. Some pro-inﬂammatory DAMPs
have beneﬁcial effects on cartilage repair in OA. In model OA, this
appears to be mediated by whether there is synovitis present. In OA,
speciﬁc DAMPs include intact, post-translationally modiﬁed, and
degradedmatrix proteins, apoptotic and necrotic cell debris, “alarmins”,
and calcium-containing crystals. In vivo studies, to date, of knockout of
RAGE and TLRs and their agonists inmodel OA have givenmixed results.
Some of the innate inﬂammatory players appear to have redundant,
paradoxical, or mutually antagonistic roles, or differing effects at
distinct stages of OA. It is not yet clear which, if any, primordial innate
inﬂammation responses, could contribute to discovery of trans-
formative OA medical therapeutics, but the facets of this issue will be
discussed in this session.I-25
OSTEOARTHRITIS YEAR IN REVIEW: REHABILITATION
A.M. Davis, C. MacKay. Toronto Western Res. Inst., Toronto, ON, Canada
Purpose: This review will highlight seminal publications of rehabili-
tation interventions for osteoarthritis (OA) since April 2012.
Methods: A systematic literature search was performed in Medline,
CINAHL and Embase databases from April 2012 to present using the key
words osteoarthritis, rehabilitation, physical therapy, occupational
therapy, exercise, and pre-operative intervention limited to human and
English. Rehabilitation intervention studies included randomized trials
or systematic reviews/meta-analyses or pre-post studies. Pilot
randomized trial feasibility studies and studies of surgical interventions
unless they included evaluation of a rehabilitation intervention were
excluded.
Results: As of December 2012, 19 studies were identiﬁed for inclusion
grouped thematically into: total joint replacement (TJR) pre-habilita-
tion; exercise including walking programs; physical modalities (i.e.,
radiation, laser, diathermy, transcutaneous electric nerve stimulation,
neuromuscular electrical stimulation); other non-pharmacologic
interventions (i.e., insoles; combined manual therapy and exercise);
and, standard versus accelerated rehabilitation following cartilage
repair.
A 40-minute education and 4-week home exercise program pre-TJR
decreased acute hospital length of stay and hospital-related costs and
pre-habilitation plus tid 1 g acetaminophen reduced pain in those pre
total knee replacement (TKR) compared to rehabilitation only. The
beneﬁts of exercise were demonstrated for a number of outcomes
including pain, stiffness, function, balance, biomarkers, and executive
function and dual task performance (related to falling) in people with
knee OA. Modalities such as 890-nm radiation, interferential current,
short wave diathermy and neuromuscular functional electrical stimu-
lation did not demonstrate beneﬁt in those with knee OA. Shock
absorbing insoles compared to normal footwear improved knee pain
and function but did not decrease knee load. Manual therapy and
exercise demonstrated improvements in pain in those with hip OA at 8
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(8 versus 11 weeks) was demonstrated to be safe and effective at ﬁve
years following matrix autologous chondrocyte implantation for carti-
lage defects in the knee.
Conclusions: The literature search will be updated inclusive through
March 2013 and results presented.
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YEAR IN REVIEW: BIOLOGY OF OA
R.F. Loeser. Wake Forest Sch. of Med., Winston-Salem, NC, USA
The purpose of this review is to present highlights from the published
literature on the topic of the biology of OA.
A PubMed search was conducted in order to locate original research
manuscripts published since the last OARSI meeting in 2012. The search
terms osteoarthritis and/or cartilage produced over 3000 references
which were further searched for references containing both terms as
well as for terms covering other joint tissues affected by OA (meniscus,
synovium, ligaments and bone). From these common themes emerged
as active areas of research over the past year including studies in the
areas of epigenetics (in particular miRNA studies) and transcriptomics.
There appeared to be an increase from previous years in the number of
studies focused on tissues other than articular cartilage such as sub-
chondral bone, synovium and meniscus. Selected studies chosen from
the most recent publications of high relevance to OA biology will be
discussed.
I-27
OSTEOARTHRITIS YEAR 2013 IN REVIEW: GENETICS AND GENOMICS
A. Gonzalez. Hosp. Clinico Univ.rio de Santiago, Santiago de Compostela,
Spain
Progress in the different areas of genetic research has produced
important highlights in the last year. One of wide impact is the publi-
cation of the ENCODE project. This project has analyzed transcription
and its regulation, including epigenetic marks and transcription factors,
in multiple cell lines across the genome. The results have shown the
impressive complexity of the works of the human genome and have
provided us with a wealth of data that will accelerate research in all
aspects of genetics. More speciﬁc of OA has been the discovery of new
loci associated with OA: a dozen loci with genome wide signiﬁcant
association in Europeans or Asians are already known, with others
showing promising results. New additions include the ﬁve loci identi-
ﬁed in the arcOGEN GWAS and other loci resulting frommetaanalysis of
multiple GWAS and additional sample collections. These discoveries
have shown the value of large sample sizes for association studies and
of the investigation of OA endophenotypes. They have also provided
solid information on a much discussed issue, the relative difﬁculty of
ﬁnding loci in OA and its relationship with OA phenotype heterogeneity
or with misclassiﬁcation of controls. The arcOGEN list of discoveries
includes two good candidate genes: CHST11 coding for the enzyme
attaching sulfate to the N-acetylgalactosamines of chondroitin sulfate 4,
and PTHLH, which is an established regulator of chondrocyte differen-
tiation and skeletogenesis. Functional studies of OA loci continue
deﬁning their involvement in OA by exploring their expression and
downstream effects in joint tissues. Previous studies have analyzed the
six genes contained in the 7q22 locus and reached different conclusions
about which of them is the most likely candidate. This year, a new
report supports HBP1 over the other ﬁve genes based on differential
allele expression in joint tissues. MicroRNA studies have continued to
expand the list of joint changes and OA phenotypes that are controlled
by this wide family of post-transcriptional regulators. The variety of
results makes them difﬁcult to summarize, but they show the ubiqui-
tous participation of microRNAs in all aspects of OA. A different type of
small non-coding RNA, the small nucleolar RNAs U38 and U48, havemade their surprising debut in OA as serum biomarkers of cartilage
damage. Analysis of DNA methylation in the promoters of NOS2 (iNOS)
and SOX9 has provided more evidence of the importance of this
epigenetic modiﬁcation in OA. These studies add new layers of
complexity to our knowledge of OA biology. Gene expression micro-
array studies have addressed differences between hip and knee OA,
between growth plate and articular cartilage, and between Kashin-Beck
disease and OA. All these last year results together with ongoing
collaborative projects and technical developments predict an acceler-
ated progress in all areas of OA genetics for the coming months.
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OSTEOARTHRITIS YEAR 2013 IN REVIEW: BIOMARKERS; ARE WE
MAKING STEPS AHEAD?
F. Lafeber, E. Van Spil. UMC Utrecht, Utrecht, Netherlands
In 2010, in Osteoarthritis and Cartilage (van Spil WE et al.), we published
a comprehensive systematic review applying the consensus BIPED
criteria on serum and urinary biochemical markers for knee and hip
osteoarthritis (OA) that were available at that time. It was concluded
that none of the biochemical markers at that time was sufﬁciently
discriminating to aid to diagnosis and prognosis of OA in individuals or
limited numbers of patients, or performed so consistently that it could
function as an outcome in clinical trials. It was suggested that more
research on molecular validation and the origins and metabolism of
biochemical markers would be necessary. Also, wide-spectrum
biochemical marker analysis in well-deﬁned populations, preferably
with protocolised sample collection, was considered valuable. Together
this would clarify many unknowns about biochemical markers that
hampers progression of the ﬁeld.
At present, more than 2 years later, in this ‘year in review’ on
biomarkers of OAwewill discuss the progress that has beenmade in the
ﬁeld ever since. And, in all modesty, we will try to recommend on how
the ﬁeld may reach the ultimate goal of having proper biochemical
markers that can serve as diagnostic, prognostic, and/or monitoring
tools.
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OSTEOARTHRITIS YEAR IN REVIEW: IMAGING
T.J. Mosher. Penn State Univ., Hershey, PA, USA
Purpose: To review recent original research publications related to
imaging of osteoarthritis and identify emerging trends and signiﬁcant
advances.
Methods: To identify relevant articles an extensive search was per-
formed of the PubMed database using the query terms “osteoarthritis”
in combination with “imaging”, “radiography”, “MRI”, “ultrasound”,
“computed tomography”, “nuclear medicine” for articles published or in
press between April 2012 and January 2013. Abstracts were reviewed to
exclude review articles, case reports, and studies not focused on
imaging using routine clinical imaging measures.
Results: Initial query yielded 932 references which were reduced to
328 citations following the initial review. MRI (118 references) and
radiography (129 refs) remain the primary imaging modalities in OA
studies, with growth in application of CT (35 refs) and ultrasound
(23 refs). MRI parametric mapping techniques remain an active
research area (33 refs) with growth in T2*- and T1rho mapping
publications. Although the knee is the major joint studied (210 refs)
there is growing interest in the hip (106 refs) and hand (29 refs).
Imaging continues to focus on evaluation of cartilage (173 refs) and
bone (119 refs).
Conclusions: Imaging plays a major role in osteoarthritis research with
continued growth along traditional lines of investigation. Emerging
trends are application of advanced MRI techniques in the study of the
hip and growth in quantitative methods for evaluating changes in bone.
